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General. Unless otherwise indicated, all starting materials were obtained from commercial 
suppliers (Fluka, Sigma) and were used without further purification. Deuterated solvents such 
as dichloromethane, acetonitrile, chloroform, were obtained from Cambridge Isotope 
Laboratories. Solvents were dried on Alox and degassed with argon. Analytical thin layer 
chromatography was performed on Kieselgel F-254 pre-coated aluminium sheets TLC plates 
from Merck. Visualization was performed with, either a 254 nm ultraviolet lamp, or a KMnO4 
solution. Silica gel column chromatography was carried out with silica gel (32-63, 60 Å) from 
Brunschwig and aluminium oxide neutral, Brockmann I activity, from Fluka for all the 
separations containing acids sensitive functions. The 1H and 13C NMR spectra were recorded 
on a Brucker 360 or 500 MHz in CDCl3, CD3CN, CD2Cl2. Chemical shifts are expressed in 
parts per million (δ) using residual solvent protons as reference: chloroform (δ 7.27 for 1H, δ 
77.0 for 13C), acetonitrile (δ 1.94 for 1H), dichloromethane (δ 5.30 for 1H). Coupling constant 
(J) are reported in Hz. Splitting patterns are designated as s (singlet), d (doublet), t (triplet), 
q (quartet), quint (quintet), m (multiplet), bs (broad signal).  
Combination gas chromatography and mass spectroscopy were obtained on a Thermoquest 
Trace GC 2000 set with a Zebron ZB-1, 30 m x 0.25 mm, 100% methylpolysiloxane column, 
mass detection was obtained on a Thermoquest Voyager with EI capability. Gas 
chromatography was done on a Fisons HRGC Mega 2 set with a 5% diphenyl 95% 
dimethylpolysiloxane column (60°C 1min - 10°C/min - 150°C 15 min). 
ESI-HRMS mass spectra were determined by Brucker FTMS 4.7T BioAPEX II. IR 
spectroscopy was done on Mattson Galaxy Series 5000 FT-IR in chloroform or neat on a 
NaCl cell. 
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4-Bromo-buta-1,2-diene -5-. Prepared according to a literature procedure1 
then purified by distillation to afforded 8.04 g (60%, 60 mmol). 
1H NMR (360 MHz, CDCl3) δ ppm 5.42-5.48 (dddd, J = 8.3, 8.2, 6.4, 6.6 Hz, 1H), 4.93-4.95 
(dt, J= 2.1, 6.6 Hz, 2H), 3.95-3.98 (dt, J = 1.9, 8 Hz). 
13C NMR (90 MHz, CDCl3) δ ppm 209.6, 89.3, 77.1, 29.9. 
 
2-Buta-2,3-dienyloxy-benzaldehyde -6a-. DMF (25 mL) was added to 
K2CO3 (1.2 g, 8.7 mmol, 1.3 eq) in a round bottom flask containing 
salicylaldehyde (1 g, 8.2 mmol, 1.2 eq) at room temperature. 4-Bromo-
buta-1,2-diene -2- (0.9 g, 6.8 mmol, 1.0 eq) was added over a period of 1 hour by syringe and 
stirred over a period of 16h. Ether was added (50 mL) and the organic layer was washed with 
an aqueous solution of K2CO3 (1 M, 3 x 50 mL) and with HCl 1N (3 x 50 mL) to get rid of 
the DMF. Finally the organic layer was washed with NaClsat (50 mL) dried over MgSO4 and 
filtered. The solvent was removed in vacuo and purification of the residue by flash column 
chromatography (dichloromethane/pentane 1:2) on neutral alox afforded 0.83 g (70%, 4.8 
mmol) of the title compound.  
1H NMR (500 MHz, CDCl3) δ ppm 4.69 (dt, J=6.6, 2.7 Hz, 2H), 4.90 (dt, J=6.6, 2.7 Hz, 2H), 
5.41 (quint, J=6.6 Hz, 1H), 6.98-7.05 (2H), 7.53 (ddd, J=9.2, 7.3, 1.9 Hz, 1H), 7.84 (dd, J=7.3 
1.9 Hz, 1H), 10.50 (s, 1H).  
13C NMR (125 MHz, CDCl3) δ ppm 66.1, 86.5, 113.0, 120.9, 125.2, 128.3, 135.7, 160.7, 
189.8, 209.4.  
EI-MS [m/z] (%) 174.4 (7.5), 145.4 (13), 122.4 (48), 121.3 (100), 120.4 (17), 92.4 (14), 53.3 
(11).  
IR (film): ν [cm-1] = 3077, 2865, 2760, 1957, 1862, 1692, 1599, 1484, 1458, 1399, 1377, 
1285, 1237, 1161, 1102, 1041, 1002, 851, 758, 654. 
 
 
2-Buta-2,3-dienyloxy-3,5-di-tert-butyl-benzaldehyde -6b-. DMF 
(20 mL) was added to K2CO3 (550 mg, 4 mmol, 1.2 eq) in a round 
bottom flask containing 3,5-di-tert-butyl-2-hydroxy-benzaldehyde 
(1.0 g, 4.2 mmol, 1.2 eq) at room temperature. 4-Bromo-buta-1,2-
                                                
1 (a) Molander, G.A.; Cormier, E.P. J. Org. Chem, 2005, 70, 2622-2626. (b) Meguro, M.; Yamamoto, Y. 
J.Org.Chem. 1999, 64, 694-695. 
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diene (450 mg, 3.4 mmol, 1.0 eq) was added over a period of 1 hour by syringe and stirred 
overnight. Ether was added (50 mL) and the organic layer was washed with an aqueous 
solution of K2CO3 (1 M, 3 x 50 mL) and with HCl 1N (3 x 50 mL) to get rid of the DMF. 
Finally the organic layer was washed with NaClsat (50 mL) dried over MgSO4 and filtered. 
The solvent was removed in vacuo and purification of the residue by flash column 
chromatography (ether/pentane 1:4) on silica gel afforded 655 mg (67%, 2.3 mmol) of the 
title compound.  
1H NMR (360 MHz, CDCl3) δ ppm 1.33 (s, 9H), 1.44 (s, 9H), 4.48 (dt, J=6.4, 2.7 Hz, 2H), 
4.89 (dt, J=6.8, 3.2 Hz, 2H), 5.50 (quint, J=6.4 Hz, 1H), 7.63 (d, J=2.3 Hz, 1H), 7.71 (d, 
J=2.3 Hz, 1H), 10.33 (s, 1H ). 
13C NMR (90 MHz, CDCl3) δ ppm 30.8, 31.3, 34.7, 35.3, 76.0, 76.7, 87.0, 124.0, 129.4, 
130.8, 143.0, 146.5, 159.4, 190.7, 209.5.  
ESI-HRMS [m/z] calcd for C19H26NaO2 [M+Na]+ 309.1830, found 309.1826.  
IR (film): ν [cm-1] = 2962, 2871, 2746, 1959, 1689, 1596, 1478, 1395, 1364, 1237, 1202, 
1163, 980, 849. 
 
2-Buta-2,3-dienyloxy-3-methoxy-benzaldehyde -6c-. DMF (20 mL) 
was added to K2CO3 (545 mg, 3.9 mmol, 1.2 eq) in a round bottom flask 
containing 2-hydroxy-3-methoxy-benzaldehyde (500 mg, 3.3 mmol, 1.27 
eq) at room temperature. 4-Bromo-buta-1,2-diene (350 mg, 2.6 mmol, 1.0 
eq) was added over a period of 1 hour by syringe and stirred overnight. Ether was added (50 
mL) and the organic layer was washed with an aqueous solution of K2CO3 (1 M, 3 x 50 mL) 
and with HCl 1N (3 x 50 mL) to get rid of the DMF. Finally the organic layer was washed 
with NaClsat (50 mL) dried over MgSO4 and filtered. The solvent was removed in vacuo and 
purification of the residue by flash column chromatography (ether/pentane 1:2) on silica gel 
afforded 530 mg (quantitative yield) of the title compound.  
1H NMR (360 MHz, CDCl3) δ ppm 3.89 (s, 3H), 4.69 (dt, J=7.3, 1.8 Hz, 2H), 4.76 (dt, J=6.4, 
1.8 Hz, 2H), 5.38 (quint, J=6.4 Hz, 1H), 7.13 (d, J=5.0 Hz, 2H), 7.40 (quint, J=4.1 Hz, 1H), 
10.44 (s, 1H).  
13C NMR (90 MHz, CDCl3) δ ppm 56.4, 72.3, 76.4, 87.1, 118.3, 119.4, 126.7, 130.7, 151.1, 
153.4, 191.0, 210.5.  
ESI-HRMS [m/z] calcd for C12H12NaO3 [M+Na]+ 227.0684, found 227.0677.  
O
O
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IR (film): ν [cm-1] = 3078, 2957, 2840, 1955, 1691, 1584, 1481, 1441, 1390, 1368, 1310, 
1251, 1205, 1067, 972, 910, 851. 
 
2-Buta-2,3-dienyloxy-3-methyl-benzaldehyde -6d-. DMF (35 mL) was 
added to K2CO3 (3.0 g, 22 mmol, 1.8 eq) in a round bottom flask 
containing 2-hydroxy-3-methyl-benzaldehyde (1.66 g, 12.2 mmol, 1.0 
eq) at room temperature. 4-Bromo-buta-1,2-diene (2.2 g, 16.5 mmol, 
1.35 eq) was added over a period of 1 hour by syringe and stirred overnight. Ether was added 
(50 mL) and the organic layer was washed with an aqueous solution of K2CO3 (1 M, 3 x 50 
mL) and with HCl 1N (3 x 50 mL) to get rid of the DMF. Finally the organic layer was 
washed with NaClsat (50 mL) dried over MgSO4 and filtered. The solvent was removed in 
vacuo and purification of the residue by a plug of silica gel which afforded 1.6 g (70%, 8.5 
mmol) of the title compound. 
1H NMR (360 MHz, CDCl3) δ ppm 2.31 (s, 3H), 4.45 (dt, J=7.3, 2.1 Hz, 2H), 4.77 (dt, J=6.6, 
2.1 Hz, 2H), 5.40 (quint, J=6.6 Hz, 1H), 7.10 (t, J=7.7 Hz, 1H), 7.40 (d, J=7.5 Hz, 1H), 7.65 
(d, J=7.5 Hz, 1H), 10.35 (s, 1H).  
13C NMR (90 MHz, CDCl3) δ ppm 15.8, 73.0, 76.2, 86.3, 124.3, 126.1, 129.4, 130.3, 137.5, 
159.8, 190.3, 209.8.  
ESI-HRMS [m/z] calcd for C12H12NaO2 [M+Na]+ 211.0735, found 211.0732.  
IR (film): ν [cm-1] = 3352, 3069, 2928, 2863, 2749, 1956, 1694, 1588, 1470, 1368, 1247, 
1198, 1086, 975, 850, 767. 
 
2-Buta-2,3-dienyloxy-5-methyl-benzaldehyde -6e-. DMF (20 mL) 
was added to K2CO3 (1.5 g, 11 mmol, 1.8 eq) in a round bottom flask 
containing 2-hydroxy-3-methyl-benzaldehyde (0.83 g, 6.1 mmol, 1.0 
eq) at room temperature. 4-Bromo-buta-1,2-diene (1.1 g, 7.7 mmol, 1.3 eq) was added over a 
period of 1 hour by syringe and stirred over a period of 36 hours. Ether was added (50 mL) 
and the organic layer was washed with an aqueous solution of K2CO3 (1 M, 3 x 50 mL) and 
with HCl 1N (3 x 50 mL) to get rid of the DMF. Finally the organic layer was dried over 
MgSO4 and filtered. The solvent was removed in vacuo and purification of the residue by a 
plug of silica gel which afforded 630 mg (55%, 3.35 mmol) of the title compound.  
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1H NMR (360 MHz, CDCl3) δ ppm 2.31 (s, 3H), 4.66 (dt, J=6.4, 2.7 Hz, 2H), 4.90 (dt, J=6.6, 
2.7 Hz, 2H), 5.41 (quint, J=6.6 Hz, 1H), 6.90 (d, J=8.4 Hz, 1H), 7.33 (dd, J=8.4, 2.0 Hz, 1H), 
7.64 (s, 1H), 10.48 (s, 1H).  
13C NMR (90 MHz, CDCl3) δ ppm 20.3, 66.3, 86.7, 113.1, 124.9, 128.4, 130.4, 136.4, 158.8, 
190.1, 209.5.  
EI-MS [m/z] (%) 188.3 (M+., 7.1), 145.4 (20), 136.4 (100), 135.5 (87), 118.4 (11), 107.3 (25), 
77.4 (11).  
IR (film): ν [cm-1] = 3352, 3066, 2925, 2864, 2760, 1957, 1863, 1686, 1609, 1582, 1494, 
1396, 1284, 1243, 1161, 1114, 1003, 941, 851, 811, 727, 649. 
 
2-Buta-2,3-dienyloxy-5-chloro-benzaldehyde -6f-. DMF (20 mL) 
was added to K2CO3 (545 mg, 3.9 mmol, 1.2 eq) in a round bottom 
flask containing 5-chloro-2-hydroxy-benzaldehyde (650 mg, 4.2 
mmol, 1.2 eq) at room temperature. 4-Bromo-buta-1,2-diene (450 mg, 3.4 mmol, 1.0 eq) was 
added over a period of 1 hour by syringe and stirred overnight. Ether was added (50 mL) and 
the organic layer was washed with an aqueous solution of K2CO3 (1 M, 3 x 50 mL) and with 
HCl 1N (3 x 50 mL) to get rid of the DMF. Finally the organic layer was washed with NaClsat 
(50 mL) dried over MgSO4 and filtered. The solvent was removed in vacuo, no purification 
was needed.  
1H NMR (360 MHz, CDCl3) δ ppm 4.69 (dt, J=6.6, 2.5 Hz, 2H), 4.91 (dt, J=6.6, 2.5 Hz, 2H), 
5.40 (quint, J=6.6 Hz, 1H), 6.96 (d, J=9.1 Hz, 2H), 7.48 (dd, J=8.6, 2.3 Hz, 1H), 7.79 (d, 
J=2.7 Hz, 1H), 10.43 (s, 1H).  
13C NMR (90 MHz, CDCl3) δ ppm 66.6, 86.3, 114.7, 126.1, 126.6, 128.0, 135.2, 159.1, 
188.5, 209.6.  
ESI-HRMS [m/z] calcd for C11H9ClNaO2 [M+Na]+ 213.0189, found 231.0185. 
IR (film): ν [cm-1] = 3019, 2882, 1956, 1682, 1596, 1477, 1394, 1269, 1215, 1128, 1001, 903, 
853, 756, 669. 
 
2-Prop-2-ynyloxy-benzaldehyde -7-. DMF (150 mL) was added to K2CO3 
(12.7 g, 90.2 mmol, 1.1 eq) in a round bottom flask containing 
salicylaldehyde (10 g, 82.0 mmol, 1 eq) at room temperature. Propargyl 
bromide (10.9 g, 90.2 mmol, 1.1 eq, 80% in toluene) was added over a period 1 hour by 
syringe and stirred overnight. Ether was added (100 mL) and the organic layer was washed 
O
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with an aqueous solution of K2CO3 (1 M, 3 x 100 mL) and with HCl 1N (3 x 100 mL) to get 
rid of the DMF. Finally the organic layer was washed with NaClsat (100 mL) dried over 
MgSO4 and filtered. The solvent was removed in vacuo and purification of the residue by 
flash column chromatography (ether/pentane 1:1) on silica gel to afforded 10.6 g (81%, 67 
mmol) of the title compound. Recrystallization can be done in pentane/2-propanol 10:1.  
1H NMR (360 MHz, CDCl3) δ ppm 2.58 (s, 1H), 4.84 (d, J=1.5 Hz, 2H), 7.11 (m, J=8.4, 7.7, 
7.1 Hz, 2H), 7.57 (2H), 7.87 (d, J=7.1 Hz, 2H), 10.50 (s, 1H).  
13C NMR (360 MHz, CDCl3) δ ppm 189.9, 161.1, 136.06, 129.0, 122.1, 121.7, 113.6, 77.2, 
76.8, 56.7.  
ESI-HRMS [m/z] calcd for C10H8NaO2 [M+Na]+ 183.0422, found 183.0415.  
IR (film): ν [cm-1] = 3019, 1690, 1601, 1215, 750, 669.  
 
2-(2-Prop-2-ynyloxy-phenyl)-[1,3]dioxolane -8-. In a 25 mL round 
bottom flask fitted with a Dean Stark was added 2-prop-2-ynyloxy-
benzaldehyde -5- (8 g, 50 mmol), ethylene glycol (4.8 g, 75 mmol), p-
toluenesulfonic acid monohydrate (50 mg, 0.25 mmol) and dry toluene (150 mL). The 
reaction mixture was refluxed over a period of 24 hours. After cooling the reaction mixture 
was concentrated in vacuo and purification of the residue was done by flash column 
chromatography (ether/pentane 1:9) on neutral alox and afforded the title compound 5.5 g 
(54%, 27 mmol). 
1H NMR (360 MHz, CDCl3) δ ppm 2.51 (t, J=2.2 Hz, 1H), 4.10-4.60 (4H), 4.77 (d, J=2.5 Hz, 
2H) 6.19 (s, 1H), 7.04 (m, J=8.0, 6.6 Hz, 2H), 7.04 (m, J=8.0, 6.6 Hz, 2H) 7.35 (td, J=7.7, 1.6 
Hz, 1H), 7.57 (dd, J=8.0, 1.6 Hz, 1H).  
13C NMR (360 MHz, CDCl3) δ ppm 56.3, 65.3, 75.7, 78.5, 99.2, 122.6, 121.5, 126.6, 127.0, 
130.1, 155.7.  
ESI-HRMS [m/z] calcd for C12H12NaO3 [M+Na]+ 227.0684, found 227.0678.  
IR (film): ν [cm-1] = 3285, 3044, 2955, 2888, 2120, 1690, 1605, 1492, 1459, 1399, 1288. 
 
5-(2-[1,3]Dioxolan-2-yl-phenoxy)-pent-3-yn-2-ol -9-. To solution 
of 2-(2-prop-2-ynyloxy-phenyl)-[1,3]-dioxolane -8- (700 mg, 3.4 
mmol) in THF (20 mL) was added 1.1 equiv of n-BuLi (2.4 mL, 
hexane solution, 1.6 M) at -70 °C over a period of 30 min. After 
being stirred for a few minutes, the dark yellow solution was allowed to warm to -30 °C. 
O
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After 15 min, 1.5 equiv of acetaldehyde (230 mg, 3.8 mmol) was slowly added by syringe at -
30 °C. After being stirred for 1 h at room temperature, the yellow solution was quenched with 
a saturated NH4Cl solution (20 mL). Ether was added (50 mL) and the organic layer was 
washed with a saturated NaHCO3 solution (50 mL) and brine (2 x 50 mL). The water layer 
was extracted twice with diethyl ether (2 x 20 mL) and the combined organic fractions were 
then dried on MgSO4. After filtration, the solvent was evaporated. The raw product was 
purified by Kugelrohr distillation at low pressure (105 °C, 0.5 mmHg): yield 600 mg (70%, 
2.4 mmol) of a yellow oil. 
1H NMR (360 MHz, CDCl3) δ ppm 1.40 (d, J=6.6 Hz, 3H), 4.10-4.60 (4H), 4.51 (bd, J=6.4 
Hz 1H), 4.77 (s, 2H), 6.18 (s, 1 H), 7.03 (2H), 7.33(td, J=8, 1.4 Hz, 1H), 7.54 (d, J=7.5 Hz, 
3H). 
13C NMR (360 MHz, CDCl3) δ ppm 23.9, 57.0, 58.1, 65.3, 75.7, 89.5, 99.1, 113.2, 121.6, 
126.8, 127.0, 130.2, 155.8.  
ESI-HRMS [m/z] calcd for C14H16NaO4 [M+Na]+ 271.0946, found 271.0930.  
IR (film): ν [cm-1] = 3433, 3058, 2983, 2882, 1737, 1605, 1492, 1548, 1376, 1288, 1227, 
1150, 1077, 1018, 940, 891, 842, 758, 737. 
 
2-(2-Penta-2,3-dienyloxy-phenyl)-[1,3]dioxolane -10-2. Diethyl 
azodicarboxylate (1.32 g, 3.04 mmol, 1.3 equiv, 40% in toluene) was 
added to a solution of triphenylphosphine (813 mg, 3.04 mmol, 1.3 
equiv) in THF (10 mL) at -15 °C. After 10 min, a solution of 5-(2-[1,3]-dioxolan-2-yl-
phenoxy)-pent-3-yn-2-ol -7-, (580 mg, 2.3 mmol, 1 equiv) in THF (7 mL) was added to the 
yellow reaction mixture, followed 10 min later by a solution of o-
nitrobenzenesulfonylhydrazide (670 mg, 3.04 mmol, 1.3 equiv) in THF (10 mL). The 
resulting suspension was held at -15 °C for 1 h. The reaction mixture was warmed to room 
temperature and allowed to stand overnight (8 h). Concentration of the reaction mixture and 
purification of the residue by chromatography on silica gel afforded the title allene as a 
colourless oil 180 mg (34%, 0.77 mmol). 
1H NMR (360 MHz, CDCl3) δ ppm 1.66 (dd, J=7.0, 3.2 Hz, 3H), 3.99-4.63 (4H), 4.62 (dd, 
J=6.6, 2.3 Hz, 2H), 5.20-5.26 (1H), 5.32 (m, J=3.2 Hz, 1H), 6.19 (s, 1H), 6.95 (m, 2H), 7.30 
(td, J=8.2, 1.6 Hz, 1H), 7.54 (dd, J=7.5, 1.4 Hz, 1H). 
                                                
2 Myers, A. G.; Zheng, B. J. Am. Chem Soc. 1996, 118, 4492-4493. 
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13C NMR (360 MHz, CDCl3) δ ppm 13.8, 65.3, 66.7, 87.1, 87.5, 99.3, 112.5, 120.6, 126.3, 
126.9, 130.0, 156.6, 205.9.  
ESI-HRMS [m/z] calcd for C14H16NaO3 [M+Na]+ 255.0997, found 255.0995.  
IR (film): ν [cm-1] = 3066, 2950, 2893, 1969, 1869, 1688, 1599, 1492, 1455, 1396, 1286, 
1242, 1120, 1074, 1006, 860, 755. 
 
 
2-Penta-2,3-dienyloxy-benzaldehyde -11-. 2-(2-Penta-2,3-dienyloxy-
phenyl)-[1,3]dioxolane -10- (180 mg, 0.78 mmol, 1 eq) and p-
toluenesulfonic acid monohydrate (8 mg, 39.5 µmol, 5% mol) was 
added in an acetone/water mixture (12 mL, 1:1.2 water/acetone) under argon atmosphere over 
60 h at room temperature. Silica gel was then added and the solvent was removed under 
vacuum. The solid residue was further purified by silica gel flash column chromatography 
(ether/pentane 1:3) and afforded the title compound 80 mg (55%, 0.43 mmol).  
1H NMR (360 MHz, CD2Cl2) δ ppm 1.66 (dd, J=7.0, 3.2 Hz, 3H), 4.7 (dd, J=6.1, 2.3 Hz, 
2H), 5.24-5.32 (1H), 5.35 (m, J=3.2 Hz, 1H), 7.03 (m, J=8.2 Hz, 2H), 7.55 (td, J=8.0, 1.8 Hz, 
1H), 7.79 (d, J=8.0, 1.8 Hz, 1H), 10.50 (s, 1H).  
13C NMR (90 MHz, CD2Cl2, ppm) δ 206.8, 190.3, 161.7, 136.5, 128.8, 126.0, 121.5, 114.2, 
88.8. 87.3, 67.6, 14.4.  
EI-MS [m/z] (%), 188.1 (M+., 5); 186.9 (10); 173.0 (15); 158.9 (30); 144.7 (20); 122.0 (90); 
120.9 (100); 103.9 (15), 91.6 (15); 76.9 (20), 66.9 (40); 64.8 (75); 50.9 (20).  
ESI-HRMS [m/z] calcd for C12H12NaO2 [M+Na]+ 211.0735, found 211.07310.  
IR (film): ν [cm-1] = 2860, 1970, 1689, 1599, 1481, 1457, 1396, 1286, 1162, 1000, 758, 651. 
UV-VIS λmax = 320.0 nm. 
 
 
8-Methylene-11,12-dioxa-tricyclo[7.2.1.02,7]dodeca-2,4,6-
triene -12a- and 2-Oxa-tricyclo[5.2.2.01,5]undeca-4,8,10-
triene-9-carbaldehyde -13a-.. 2-Buta-2,3-dienyloxy-
benzaldehyde -6a- (40 mg, 230 µmol) was added to dry dichloromethane (3 mL) in a quartz 
tube sealed with a rubber septum. The reaction mixture was purged with argon over 15 min 
and irradiated at 254 nm over 5h at room temperature. A flash column chromatography 
O
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(dichloromethane/pentane, 3:5) afforded 5 mg (13 %, 29 µmol) of 12a and 40 mg (40 %, 230 
µmol) of 13a. 
When a solution of buta-2,3-dienyloxy-benzaldehyde 6a (5.8 mg, 10 mmol) was irradiated at 
350 nm over a period of 1h30, 28% of 12a and 48% of 13a (yields determined by GC) were 
obtained.  
12a: 
1H NMR (500 MHz, CDCl3) δ ppm 3.73 (dd, J=7.2, 1.4 Hz, 1H), 4.10 (dd, J=7.2, 5.9 Hz, 
1H), 5.10 (dd, J=5.9, 1.4 Hz, 1H), 5.15 (s, 1H), 5.67 (s, 1H), 6.09 (s, 1H), 7.19 (dd, J=7.4, 1.2 
Hz, 1H), 7.32 (dtd, J=20.0, 7.4, 1.4 Hz, 2H), 7.70 (d, J=7.4, Hz, 1H).  
13C NMR (125 MHz, CDCl3) δ ppm 68.9, 77.9, 101.3, 107.1, 123.4, 125.0, 128.6, 128.9.  
EI-MS [m/z] (%) 174.4 (M+.,19), 145.4 (17), 144.5 (100), 116.4 (42.4), 155.5 (58.8). 
IR (film): ν [cm-1] = 3021, 1527, 1425, 1215, 669. 
13a: 
1H NMR (500 MHz, CDCl3) δ ppm 2.11 (dquint, J=11.2, 1.7 Hz, 1H), 2.19 (dquint, J=11.2, 
1.7 Hz, 1H), 3.97 (m, 1H), 5.07 (m, J=1.4 Hz, 1H), 5.41 (quint, J=1.7 Hz, 1H), 6.18 (ddd, 
J=7.7, 5.9, 0.8 Hz, 1H), 6.58 (dd, J=7.6, 1.5 Hz, 1H), 7.07 (d, J=6.2 Hz, 1H), 9.70 (s, 1H).  
13C NMR (125 MHz, CDCl3) δ ppm 26.8, 39.3, 79.9, 96.4, 112.5, 129.2, 138.9, 138.9, 146.4, 
148.6, 187.3.  
EI-MS [m/z] (%) 175.4 (M+.,10), 174.4 (39), 173.4 (25), 145.4 (63), 131.4 (44), 120.4 (80), 
115.4 (40), 90.4 (100), 65.4 (15), 53.3 (17).  
IR (film): ν [cm-1] =.3021, 2864, 2286, 1682, 1570, 1215, 1167, 1012 669. 
 
 
7,10-Di-tert-butyl-2-oxa-tricyclo[5.2.2.01,5]undeca-4,8,10-triene-9-
carbaldehyde -13b-. 2-Buta-2,3-dienyloxy-3,5-di-tert-butyl-benzaldehyde -
3b- (100 mg, 350 µmol) was added to dry dichloromethane (15 mL) in a 
quartz tube sealed with a rubber septum. The reaction mixture was purged 
with argon over 15 min and irradiated at 350 nm over 1h at room temperature. A flash column 
chromatography (ether/pentane, 1:7) afforded 94 mg (94%, 329 µmol) of the title compound.  
When a solution of 2-buta-2,3-dienyloxy-3,5-di-tert-butyl-benzaldehyde -6b- (6 mg, 7.0 
mmol) was irradiated in dry dichloromethane (3 mL) at 350 nm over a period of 5 min, a 
complete conversion into the title compound was obtained (yield determined by GC). 
tBu
O
tBu
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1H NMR (360 MHz, CDCl3) δ ppm 1.13 (d, J=3.0 Hz, 18H), 2.11 (qd, J=15.4, 2.3 Hz, 2H), 
5.05 (m, 2H), 5.26 (s, 1H), 5.70 (s, 1H), 7.10 (s, 1H), 9.72 (s, 1H).  
13C NMR (125 MHz, CDCl3) δ ppm 26.5, 27.8, 28.5, 32.4, 34.5, 54.8, 79.2, 98.3, 110.6, 
122.4, 142.5, 148.5, 149.7, 158.4, 187.8.  
ESI-HRMS [m/z] calcd for C19H26NaO2 [M+Na]+ 309.1830, found 309.1821.  
IR (film): ν [cm-1] =.3019, 2965, 2856, 2402, 1679, 1621, 1576, 1475, 1372, 1216, 1148, 
1013, 669. 
 
 
6-Methoxy-8-methylene-11,12-dioxa-tricyclo[7.2.1.02,7]-
dodeca-2,4,6-triene -12c- and 10-Methoxy-2-oxa-
tricyclo[5.2.2.01,5]undeca-4,8,10-triene-9-carbaldehyde -
13c-. 2-Buta-2,3-dienyloxy-3-methoxy-benzaldehyde 6c (162 mg, 79.0 mmol, 28 mM) was 
added to dry dichloromethane (28 mL) in a quartz tube sealed with a rubber septum. The 
reaction mixture was purged with argon over 15 min and irradiated at 350 nm over a period of 
1h20 at room temperature. A flash column chromatography (ether/pentane, 1:2) afforded 51 
mg (31 %, 24.0 mmol) of an inseparable mixture of two compounds (76% of 12c and 24% B) 
and 108 mg (67%, 529 µmol) of 13c. 
 
When a solution of 2-Buta-2,3-dienyloxy-3-methoxy-benzaldehyde 6c (8.7 mg, 14 mmol) was 
irradiated in dry dichloromethane (3 mL) at 350 nm over a period of 30 min, 23% of 12c and 
57% of 13c (yields determined by GC) were obtained.  
12c: 
1H NMR (360 MHz, CDCl3) δ ppm A: 3.74 (d, J=9.3 Hz, 1H), 3.92 (s, 3H), 4.07 (t, J=6.8, 
Hz, 1H), 4.99 (d, J=5.9 Hz, 1H), 5.31 (s, 1H), 6.06 (s, 1H), 6.28 (s, 1H), 6.83 (d, J=10.1 Hz, 
1H), 6.93 (d, J=11.6 Hz, 1H), 7.23 (m, 1H), B: 3.83 (d, J=18 Hz, 1H), 3.91 (s, 3H), 4.01 (t, 
J=6.0, Hz, 1H), 5.25 (d, J=4.5 Hz, 1H), 5.33 (s, 1H), 5.81 (s, 1H), 6.32 (s, 1H), 6.77 (d, 
J=10.4 Hz, 1H), 6.90 (d, J=11.6 Hz, 1H), 7.23 (m, 1H).  
13C NMR (90 MHz, CDCl3) δ ppm A: 55.3, 69.3, 79.8, 101.5, 111.7, 114.1, 117.4, 128.9, 
138.1, 140.1, 159.2, B: 55.3, 72.4, 76.1, 79.8, 106.1, 110.9, 115.4, 116.5, 117.1, 128.5, 138.6, 
139.1, 159.9.  
EI-MS [m/z] (%) 204.25 (M+.,50), 175.4 (16), 174.4 (91), 173.3 (30), 159.4 (100), 146.4 (15), 
145.4 (58), 144.4 (22), 131.4 (20), 118.35 (33), 116.35 (24), 115.35 (52), 103.35 (11.13).  
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IR (film): ν [cm-1] = 3018, 2966, 2989, 2840, 2405, 1623, 1598, 1479, 1341, 1266, 1216, 
1084, 1216, 1084, 973, 957, 903, 752, 666. 
13c: 
1H NMR (360 MHz, CDCl3) δ ppm 2.13 (d, J=15.9 Hz, 1H), 2.28 (d, J=15.4 Hz, 1H), 3.56 (s, 
3H), 3.82 (quint, J=3.6 Hz, 1H), 4.81 (d, J=6.8 Hz, 1H), 5.11 (m, 2H), 5.42 (s, 1H), 7.19 (d, 
J=5.9 Hz, 1H), 9.71 (s, 1H).  
13C NMR (90 MHz, CDCl3) δ ppm 28.0, 36.5, 56.3, 80.8, 92.4, 94.2, 112.9, 139.3, 147.0, 
147.3, 164.5, 187.3.  
EI-MS [m/z] (%), 204.25 (M+.,100), 176.35 (31), 175.35 (45), 161.35 (33), 147.35 (33), 
120.35 (52), 119.35 (65), 115.4 (42), 91.35 (66), 77.35 (41).  
IR (film): ν [cm-1] =.2964, 2893, 2804, 2250, 1689, 1597, 1479, 1345, 1264, 1084, 956, 906, 
797, 733. 
 
 
6-Methyl-8-methylene-11,12-dioxa-tricyclo[7.2.1.02,7]-
dodeca-2,4,6-triene -12d- and 10-Methyl-2-oxa-tricyclo-
[5.2.2.01,5]undeca-4,8,10-triene-9-carbaldehyde-13d-. 2-
Buta-2,3-dienyloxy-3-methyl-benzaldehyde 6d (340 mg, 1.8 mmol, 0.12 M) was added to dry 
dichloromethane (15 mL) in a quartz tube sealed with a rubber septum. The reaction mixture 
was purged with argon over 15 min and irradiated at 350 nm over a period of 8h at room 
temperature. Two flash column chromatographies (ether/pentane, 1:4, and dichloromethane) 
afforded 43 mg (13 %, 0.28 mmol) of 12d and 34 mg (10 %, 0.18 mmol) of 13d.  
When a solution of 2-buta-2,3-dienyloxy-3-methyl-benzaldehyde 6d (7.0 mg, 13 mmol) was 
irradiated in dry dichloromethane (3 mL) at 350 nm over a period of 160 min, 36% of 12d and 
46% of 13d (yields determined by GC) were obtained.  
12d: 
1H NMR (360 MHz, CDCl3) δ ppm 2.54 (s, 3H), 3.73 (d, J=7.3 Hz, 1H), 4.09 (t, J=6.1 Hz, 
1H), 5.04 (d, J=5.7 Hz, 1H), 5.36 (s, 1H), 5.64 (s, 1H), 6.07 (s, 1H), 7.07 (m, 1H), 7.18 (m, 
2H).  
13C NMR (90 MHz, CDCl3) δ ppm 24.2, 68.9, 80.3, 101.9, 113.7, 113.2, 123.2, 127.3, 127.7, 
132.7, 137.1, 143.1.  
ESI-HRMS [m/z] calcd for C12H12NaO2 [M+Na]+ 211.0735, found 211.0728.  
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IR (film): ν [cm-1] = 3068, 2969, 2893, 2251, 1715, 1680, 1624, 1469, 1448, 1347, 1248, 
1225, 1137, 1084, 1051, 973, 910, 775, 732, 662. 
13d: 
1H NMR (360 MHz, CDCl3) δ ppm 1.85 (d, J=1.4 Hz, 3H), 2.07 (dm, J=15.4, 2.3 Hz, 1H), 
2.20 (dm, J=15.4, 2.3 Hz, 1H), 3.83 (m, J=3.2 Hz, 1H), 5.05 (m, 2H), 5.34 (s, 1H), 5.75 (d, 
J=5 Hz, 1H), 7.11 (d, J=6.4 Hz, 1H), 9.67 (s, 1H).  
13C NMR (90 MHz, CDCl3) δ ppm 14.5, 27.4, 38.6, 80.2, 97.6, 112.2, 122.1, 139.2, 147.5, 
147.8, 148.3, 187.5.  
ESI-HRMS [m/z] calcd for C12H12NaO2 [M+Na]+ 211.0735, found 211.0727.  
IR (film): ν [cm-1] =.3019, 2920, 2859, 2400, 2252, 1679, 1581, 1442, 1348, 1216, 1156, 
1027, 909, 757, 668. 
 
4-Methyl-8-methylene-11,12-dioxa-tricyclo[7.2.1.02,7]-
dodeca-2,4,6-triene -12e- and 7-methyl-2-oxa-
tricyclo[5.2.2.01,5]undeca-4,8,10-triene-9-carbaldehyde 
-13e-. 2-Buta-2,3-dienyloxy-5-methyl-benzaldehyde 6e 
(104 mg, 55 µmol, 3.7 mM) was added to dry dichloromethane (15 mL) in a quartz tube 
sealed with a rubber septum. The reaction mixture was purged with argon over 15 min and 
irradiated at 350 nm over a period of 16h at room temperature. A flash column 
chromatography (ether/pentane, 1:2) afforded 11 mg (11 %, 5.8 µmol) of 12e and 35 mg (34 
%, 0.19 mmol) of 13e. 
When a solution of 2-buta-2,3-dienyloxy-5-methyl-benzaldehyde 6e (6.3 mg, 11 mmol) was 
irradiated in dry dichloromethane (3 mL) at 350 nm over a period of 90 min, 22% of 12e and 
65% of 13e (yields determined by GC) were obtained. 
12e: 
1H NMR (360 MHz, CDCl3) δ ppm 2.35 (s, 3H), 3.71 (dd, J=7.3, 1.1 Hz, 1H), 4.08 (t, J=6.1 
Hz, 1H), 5.08 (m, 2H), 5.59 (s, 1H), 6.04 (s, 1H), 7.0 (s, 1H), 7.13 (d, J=8.0 Hz, 1H), 7.58 (d, 
J=8.0 Hz, 1H).  
13C NMR (90 MHz, CDCl3) δ ppm 21.2, 68.9, 78.0, 101.4, 106.1, 123.4, 125.5, 126.2, 129.6, 
136.0, 138.7, 142.0.  
ESI-HRMS [m/z] calcd for C12H12NaO2 [M+Na]+ 211.0735, found 211.0730.  
IR (film): ν [cm-1] = 3020, 2970, 2896, 2403, 1679, 1498, 1422, 1338, 1215, 1102, 1085, 964, 
903, 878, 827, 755, 669. 
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13e: 
1H NMR (360 MHz, CDCl3) δ ppm 1.65 (s, 3H), 1.99 (dm, J=15.4 Hz, 1H), 2.06 (dm, J=13.0 
Hz, 1H), 5.06 (d, J=1.6 Hz, 2H), 5.34 (m, 1H), 5.90 (d, J=7.5 Hz, 1H), 6.54 (d, J=7.5 Hz, 
1H), 6.80 (s 1H), 9.66 (s, 1H).  
13C NMR (90 MHz, CDCl3) δ ppm 21.5, 34.6, 45.2, 19.9, 96.7, 111.8, 134.8, 138.4, 140.7, 
148.1, 151.5, 187.3.  
ESI-HRMS [m/z] calcd for C12H12NaO2 [M+Na]+ 211.0735, found 211.0729.  
IR (film): ν [cm-1] =.3020, 2965, 2956, 1680, 1614, 1564, 1455, 1351, 1215, 1169, 1009, 909, 
760, 669. 
 
 
4-Chloro-8-methylene-11,12-dioxa-tricyclo[7.2.1.02,7]-
dodeca-2,4,6-triene -12f- and 7-Chloro-2-oxa-tricyclo-
[5.2.2.01,5]undeca-4,8,10-triene-9-carbaldehyde-13f-. 2-
Buta-2,3-dienyloxy-5-chloro-benzaldehyde 6f (165 mg, 790 µmol, 40 mM) was added to dry 
dichloromethane (20 mL) in a quartz tube sealed with a rubber septum. The reaction mixture 
was purged with argon over 15 min and irradiated at 350 nm over 2h30 at room temperature. 
A flash column chromatography (ether/pentane, 1:9) followed by a second column 
(dichloromethane/pentane; 1:1) afforded 66 mg, (40 %, 320 µmol) of 12f and 46 mg, (28 %, 
221 µmol) of 13f. 
When a solution of 2-buta-2,3-dienyloxy-5-chloro-benzaldehyde 6f (7.5 mg, 12 mmol) was 
irradiated in dry dichloromethane (3 mL) at 350 nm over a period of 2h00, 44% of 12f and 
31% of 13f (yields determined by GC) were obtained. 
12f: 
 1H NMR (360 MHz, CDCl3) δ ppm 3.72 (d, J=7.3 Hz, 1H), 4.09 (t, J=6.8 Hz, 1H), 5.09 (d, 
J=5.9 Hz, 1H), 5.17 (s, 1H), 5.64 (s, 1H), 6.03 (s, 1H), 7.18 (d, J=1.8 Hz, 1H), 7.26-7.30 
(1H), 7.62(d, J=9 Hz, 1H).  
13C NMR (90 MHz, CDCl3) δ ppm 69.0, 77.8, 100.6, 107.7, 125.0, 125.1 127.5, 129.0, 134.2, 
137.6, 141.1.  
EI-MS [m/z] (%) 193 (10), 178 (22), 151 (45), 136 (58), 115 (100), 87 (82), 75 (100), 50 
(55).  
IR (film): ν [cm-1] = 3020, 2972, 2896, 1898, 1807, 1685, 1639, 1596, 1417, 1334, 1216, 
1193, 1113, 1086, 1012, 966, 904, 875, 815, 758. 
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13f: 
1H NMR (360 MHz, CDCl3) δ ppm 2.58 (dd, J=23.2, 15.4 Hz, 2H), 5.06 (m, 2H), 5.43 (s, 
1H), 6.19 (d, J=8.2 Hz, 1H), 6.56 (d, J=7.7 Hz, 1H), 6.97 (s, 1H), 9.69 (s, 1H).  
13C NMR (90 MHz, CDCl3) δ ppm 38.1, 65.6, 80.2, 95.4, 112.7, 114.0, 137.49, 137.51, 
146.3, 147.6, 186.3.  
EI-MS [m/z] (%), 172 (100), 155 (5), 144 (50), 115 (75), 89 (30), 63 (12), 50 (5).  
IR (film): ν [cm-1] = 3020, 2868, 2360, 1690, 1607, 1564, 1350, 1216, 1169, 1043, 1013, 926, 
757, 682. 
 
 
8-Ethylidene-11,12-dioxa-tricyclo[7.2.1.02,7]dodeca-2,4,6-triene -14-. 2-
Penta-2,3-dienyloxy-benzaldehyde -11- (50 mg, 266 µmol) was added to dry 
dichloromethane (1.5 mL) in a NMR quartz tube sealed with a rubber septum. 
The reaction mixture was purged with argon over 15 min and irradiated at 254 nm over 3h at 
room temperature. A flash column chromatography (pentane/ether, 9:1) afforded 21.4 mg (43 
%, 114 µmol) of the title compound. 
When a solution of 2-penta-2,3-dienyloxy-benzaldehyde -11- (6.8 mg, 5.5 mmol) was 
irradiated in dry dichloromethane (3 mL) at 350 nm over a period of 1h00, 68% of the title 
compound (GC yield) was obtained.  
1H NMR (360 MHz, CDCl3) δ ppm 1.90 (d, J=7.3 Hz, 3H), 2.09 (d, J=7.5 Hz, 3H), 3.72 (td, 
J=6.2, 0.7 Hz, 2H), 4.08 (quint, J=6.4 Hz, 2H), 4.93 (d, J=5.2 Hz, 1H), 5.53 (d, J=5.7 Hz, 
1H), 5.81 (dd, J=15.0, 7.5 Hz, 1H), 6.06 (d, J=5.8 Hz, 2H), 6.31 (dd, J=14.3, 7.2 Hz, 1H), 
7.10-7.40 (6H), 7.62 (d, J=8.0 Hz, 1H), 7.75 (d, J=7.7 Hz, 1H). 
13C NMR (90 MHz, CDCl3, ppm) δ 136.5, 135.4, 134.7, 134.2, 130.2, 128.8, 128.5, 128.0, 
127.4, 127.1, 125.1, 124.9, 122.8, 122.1, 118.2, 101.5, 101.3, 80.6, 72.1, 69.1, 68.9, 15.6, 
13.1.  
EI-MS [m/z] (%), 188.0 (M+.,10); 159.1 (15); 158.0 (100); 130.0 (10); 129.0 (20); 127.9 (35), 
114.9 (30); 101.9 (10), 77.9 (10); 76.9 (15); 62.9 (10), 50.9 (10).  
ESI-HRMS [m/z] calcd for C19H26NaO2 [M+Na]+ 211.0735, found 211.07317.  
IR (film): ν [cm-1] = 3156, 3009, 2254, 1794, 1472, 1382, 1167, 1084. 
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Crystallography for compound 12d 
 
A colourless crystal of compound 12d was mounted on a Stoe Mark II-Imaging Plate 
Diffractometer System1 equipped with a graphite-monochromator. Data collection 
was performed at –100˚C using Mo-Kα radiation (λ = 0.71073 Å). 45 exposures (5 
min per exposure) were obtained at an image plate distance of 100 mm with φ= 0˚ 
and 0 < ω < 90˚ and with the crystal oscillating through 2˚ in ω. The resolution was 
Dmin - Dmax 17.78 - 0.72 Å. 
This compound crystallised in an orthorhombic non-centrosymmetric cell (P212121) 
with one molecule per asymmetric unit. The absolute structure can not be derived 
based on the absence of heavy atoms in the structure. The molecular formula of this 
compound is [C12H12O2].  
The structure was solved by direct methods using the program SHELXS-972 and 
refined by full matrix least squares on F2 with SHELXL-972. The hydrogen atoms 
were included in calculated positions and treated as riding atoms using SHELXL-97 
default parameters. All non-hydrogen atoms were refined anisotropically. No 
absorption correction was applied. The drawing was done using PLATON3 and show 
thermal ellipsoids of 50% probability. Tables 1-9 show experimental and 
crystallographic details of compound 12d.  
 
[1] Stoe & Cie (2002). X-Area V1.17 & X-RED32 V1.04 Software. Stoe & Cie 
GmbH, Darmstadt, Germany. 
[2]  Sheldrick, G.M. (2008). Acta Cryst. A64, 112–122. 
[3]  Spek, A. L. (2003). J. Appl. Cryst. 36, 7-13. 
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      Table 1.  Crystal data table for 12d.  
      
______________________________________________________________________  
   
      Identification code               fb40201  
   
      Crystal shape                     block  
   
      Crystal colour                    colourless  
   
      Crystal size                      .45 x .40 x .35 mm  
   
      Empirical formula                 C12 H12 O2  
   
      Formula weight                    188.22  
   
      Crystal system                    Orthorhombic  
   
      Space group                       P 21 21 21  
   
      Unit cell dimensions              a = 7.9458(6) A   alpha = 90 deg.  
                                        b = 9.3400(7) A    beta = 90 deg.  
                                        c = 12.5560(12) A gamma = 90 deg.  
   
      Volume                            931.83(13) A^3  
   
      Cell refinement parameters  
      Reflections                       17530  
      Angle range                       1.62 < theta < 29.54  
   
      Z                                 4  
   
      Density (calculated)              1.342 g/cm^3  
   
   
      Radiation used                    MoK\a  
   
      Wavelength                        0.71073  A  
   
      Linear absorption coefficient     0.090 mm^-1  
   
      Temperature                       173(2) K  
      
______________________________________________________________________  
 
      Table 2. Data Collection Details for 12d.  
      
______________________________________________________________________  
   
      Diffractometer                    STOE IPDS 2  
   
      Scan method                       rotation method  
   
      Number of Reflections measured    15942  
   
      Number of Independent reflections 2515  
   
      Number of observed reflections    2382  
   
      Criterion for recognizing         >2sigma(I)  
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      R(int) =                          0.1014  
   
      Theta range for data collection   2.72 to 29.22 deg.  
   
      Index ranges                      -10<=h<=10, -12<=k<=12, -17<=l<=17  
     
      F(000)                            400  
      
______________________________________________________________________  
   
      Table 3. Refinement Details for 12d.  
      
______________________________________________________________________  
   
      Refinement method                 Full-matrix least-squares on F^2  
   
      Final R indices [I>2sigma(I)]     R1 = 0.0368, wR2 = 0.0978  
   
      R indices (all data)              R1 = 0.0388, wR2 = 0.0991  
   
      R1 [=SUM(||Fo|-|Fc||)/SUM|Fo|]  
   
      wR^2 {=[SUM(w(Fo^2-Fc^2)^2)/SUM(wFo^4)]^1/2}  
   
      H-locating and refining Method    constr  
   
      Number of reflections used        2515  
   
      Number of L.S. restraints         0  
   
      Number of refined Parameters      127  
   
      Goodness-of-fit on F^2            1.072  
      S {=[SUM w(Fo^2-Fc^2)^2]/(n-p)^1/2}, n= number of reflections,  
                                           p= Parameters used.  
                                        calc 
w=1/[\s^2^(Fo^2^)+(0.0483P)^2^+0.1026P] where P=(Fo^2^+2Fc^2^)/3  
   
      Maximum delta/sigma             0.000  
   
      Maximum e-density               0.240 e.A^-3  
   
      Minimun e-density              -0.188 e.A^-3  
      
______________________________________________________________________  
  
      Table 4. Computer Programs used for 12d.  
      
______________________________________________________________________  
   
      Data collection program           STOE X-AREA  
   
      Cell refinement program           STOE X-AREA  
   
      Data reduction program            STOE X-RED  
   
      Structure Solving Program         SHELXS-97 (Sheldrick, 1990)  
   
      Structure Refinement Program      SHELXL-97 (Sheldrick, 1997)  
     
      Absolute structure parameter      0.4(10)  
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______________________________________________________________________  
 
         Table 5.  Atomic coordinates ( x 10^4) and equivalent isotropic  
   displacement parameters (A^2 x 10^3) for 12d.    U(eq) is  
   defined as one third of the trace of the orthogonalized Uij   
   tensor.  
   
         ________________________________________________________________  
   
                         x             y             z           U(eq)  
         ________________________________________________________________  
   
          C(1)         3147(2)       2319(1)       6489(1)       28(1)  
          C(2)         4389(1)       1425(1)       5870(1)       25(1)  
          C(3)         3842(2)        668(1)       4984(1)       30(1)  
          C(4)         4945(2)       -227(2)       4445(1)       33(1)  
          C(5)         6571(2)       -371(2)       4816(1)       30(1)  
          C(6)         7169(1)        376(1)       5703(1)       27(1)  
          C(7)         6068(1)       1325(1)       6229(1)       23(1)  
          C(8)         6517(2)       2251(1)       7157(1)       25(1)  
          C(9)         4999(2)       2869(1)       7713(1)       28(1)  
          C(10)        3823(2)       1726(1)       8186(1)       30(1)  
          C(11)        8947(2)         88(2)       6056(1)       40(1)  
          C(12)        8038(2)       2651(2)       7486(1)       34(1)  
          O(1)         3932(1)       3536(1)       6925(1)       32(1)  
          O(2)         2545(1)       1529(1)       7385(1)       32(1)  
         ________________________________________________________________  
 
           Table 6.   Bond lengths [A] and angles [deg] for 12d.  
           _____________________________________________________________  
   
            C(1)-O(1)                     1.4080(15)  
            C(1)-O(2)                     1.4273(15)  
            C(1)-C(2)                     1.5089(18)  
            C(1)-H(1A)                    1.0000  
            C(2)-C(3)                     1.3875(17)  
            C(2)-C(7)                     1.4116(15)  
            C(3)-C(4)                     1.388(2)  
            C(3)-H(3A)                    0.9500  
            C(4)-C(5)                     1.3801(19)  
            C(4)-H(4A)                    0.9500  
            C(5)-C(6)                     1.3971(18)  
            C(5)-H(5A)                    0.9500  
            C(6)-C(7)                     1.4097(16)  
            C(6)-C(11)                    1.5046(18)  
            C(7)-C(8)                     1.4934(16)  
            C(8)-C(12)                    1.3310(17)  
            C(8)-C(9)                     1.5089(17)  
            C(9)-O(1)                     1.4446(15)  
            C(9)-C(10)                    1.5374(17)  
            C(9)-H(9A)                    1.0000  
            C(10)-O(2)                    1.4415(16)  
            C(10)-H(10A)                  0.9900  
            C(10)-H(10B)                  0.9900  
            C(11)-H(11C)                  0.9800  
            C(11)-H(11A)                  0.9800  
            C(11)-H(11B)                  0.9800  
            C(12)-H(12A)                  0.9500  
            C(12)-H(12B)                  0.9500  
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            O(1)-C(1)-O(2)              105.04(10)  
            O(1)-C(1)-C(2)              110.93(10)  
            O(2)-C(1)-C(2)              109.85(9)  
            O(1)-C(1)-H(1A)             110.3  
            O(2)-C(1)-H(1A)             110.3  
            C(2)-C(1)-H(1A)             110.3  
            C(3)-C(2)-C(7)              121.27(11)  
            C(3)-C(2)-C(1)              119.32(10)  
            C(7)-C(2)-C(1)              119.35(11)  
            C(2)-C(3)-C(4)              119.99(12)  
            C(2)-C(3)-H(3A)             120.0  
            C(4)-C(3)-H(3A)             120.0  
            C(5)-C(4)-C(3)              119.02(12)  
            C(5)-C(4)-H(4A)             120.5  
            C(3)-C(4)-H(4A)             120.5  
            C(4)-C(5)-C(6)              122.61(12)  
            C(4)-C(5)-H(5A)             118.7  
            C(6)-C(5)-H(5A)             118.7  
            C(5)-C(6)-C(7)              118.48(11)  
            C(5)-C(6)-C(11)             117.68(11)  
            C(7)-C(6)-C(11)             123.83(11)  
            C(6)-C(7)-C(2)              118.54(11)  
            C(6)-C(7)-C(8)              125.57(10)  
            C(2)-C(7)-C(8)              115.89(10)  
            C(12)-C(8)-C(7)             128.40(12)  
            C(12)-C(8)-C(9)             118.35(11)  
            C(7)-C(8)-C(9)              113.08(10)  
            O(1)-C(9)-C(8)              108.46(10)  
            O(1)-C(9)-C(10)             102.00(10)  
            C(8)-C(9)-C(10)             113.49(10)  
            O(1)-C(9)-H(9A)             110.8  
            C(8)-C(9)-H(9A)             110.8  
            C(10)-C(9)-H(9A)            110.8  
            O(2)-C(10)-C(9)             104.31(10)  
            O(2)-C(10)-H(10A)           110.9  
            C(9)-C(10)-H(10A)           110.9  
            O(2)-C(10)-H(10B)           110.9  
            C(9)-C(10)-H(10B)           110.9  
            H(10A)-C(10)-H(10B)         108.9  
            C(6)-C(11)-H(11C)           109.5  
            C(6)-C(11)-H(11A)           109.5  
            H(11C)-C(11)-H(11A)         109.5  
            C(6)-C(11)-H(11B)           109.5  
            H(11C)-C(11)-H(11B)         109.5  
            H(11A)-C(11)-H(11B)         109.5  
            C(8)-C(12)-H(12A)           120.0  
            C(8)-C(12)-H(12B)           120.0  
            H(12A)-C(12)-H(12B)         120.0  
            C(1)-O(1)-C(9)              100.24(9)  
            C(1)-O(2)-C(10)             104.36(9)  
           _____________________________________________________________  
   
           Symmetry transformations used to generate equivalent atoms:  
             
 
           Table 7.  Torsion-angles for 12d.  
           _____________________________________________________________  
   
            O(1)-C(1)-C(2)-C(3)             -147.52(11)  
            O(2)-C(1)-C(2)-C(3)               96.79(13)  
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            O(1)-C(1)-C(2)-C(7)               35.24(15)  
            O(2)-C(1)-C(2)-C(7)              -80.45(13)  
            C(7)-C(2)-C(3)-C(4)                1.13(18)  
            C(1)-C(2)-C(3)-C(4)             -176.06(12)  
            C(2)-C(3)-C(4)-C(5)                1.30(19)  
            C(3)-C(4)-C(5)-C(6)               -1.5(2)  
            C(4)-C(5)-C(6)-C(7)               -0.77(18)  
            C(4)-C(5)-C(6)-C(11)             177.80(13)  
            C(5)-C(6)-C(7)-C(2)                3.12(16)  
            C(11)-C(6)-C(7)-C(2)            -175.35(12)  
            C(5)-C(6)-C(7)-C(8)             -177.26(11)  
            C(11)-C(6)-C(7)-C(8)               4.26(19)  
            C(3)-C(2)-C(7)-C(6)               -3.36(17)  
            C(1)-C(2)-C(7)-C(6)              173.83(10)  
            C(3)-C(2)-C(7)-C(8)              176.99(11)  
            C(1)-C(2)-C(7)-C(8)               -5.83(15)  
            C(6)-C(7)-C(8)-C(12)              19.0(2)  
            C(2)-C(7)-C(8)-C(12)            -161.33(13)  
            C(6)-C(7)-C(8)-C(9)             -165.84(11)  
            C(2)-C(7)-C(8)-C(9)               13.79(14)  
            C(12)-C(8)-C(9)-O(1)             124.60(12)  
            C(7)-C(8)-C(9)-O(1)              -51.06(12)  
            C(12)-C(8)-C(9)-C(10)           -122.81(13)  
            C(7)-C(8)-C(9)-C(10)              61.53(13)  
            O(1)-C(9)-C(10)-O(2)              20.46(11)  
            C(8)-C(9)-C(10)-O(2)             -95.99(11)  
            O(2)-C(1)-O(1)-C(9)               49.87(11)  
            C(2)-C(1)-O(1)-C(9)              -68.76(12)  
            C(8)-C(9)-O(1)-C(1)               78.19(11)  
            C(10)-C(9)-O(1)-C(1)             -41.86(11)  
            O(1)-C(1)-O(2)-C(10)             -36.61(11)  
            C(2)-C(1)-O(2)-C(10)              82.75(11)  
            C(9)-C(10)-O(2)-C(1)               8.81(12)  
           _____________________________________________________________  
             
 
    Table 8.   Anisotropic displacement parameters (A^2 x 10^3) for 12d.  
    The anisotropic displacement factor exponent takes the form:  
    -2 pi^2 [ h^2 a*^2 U11 + ... + 2 h k a* b* U12 ]  
   
    _______________________________________________________________________  
   
              U11        U22        U33        U23        U13        U12  
    _______________________________________________________________________  
   
    C(1)     28(1)      25(1)      33(1)       3(1)      -2(1)       1(1)  
    C(2)     26(1)      23(1)      24(1)       6(1)      -2(1)      -2(1)  
    C(3)     30(1)      34(1)      26(1)       3(1)      -6(1)      -5(1)  
    C(4)     39(1)      36(1)      23(1)      -3(1)      -1(1)      -8(1)  
    C(5)     35(1)      32(1)      25(1)      -2(1)       6(1)      -3(1)  
    C(6)     27(1)      29(1)      24(1)       3(1)       2(1)      -1(1)  
    C(7)     25(1)      22(1)      21(1)       4(1)       0(1)      -3(1)  
    C(8)     30(1)      23(1)      23(1)       3(1)      -2(1)      -3(1)  
    C(9)     33(1)      23(1)      28(1)      -2(1)      -2(1)       0(1)  
    C(10)    33(1)      29(1)      28(1)      -1(1)       4(1)      -1(1)  
    C(11)    30(1)      48(1)      43(1)      -9(1)      -1(1)       7(1)  
    C(12)    34(1)      36(1)      31(1)      -1(1)      -6(1)      -7(1)  
    O(1)     35(1)      20(1)      40(1)       1(1)      -3(1)       2(1)  
    O(2)     29(1)      34(1)      33(1)       0(1)       4(1)      -4(1)  
    _______________________________________________________________________  
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         Table 9.   Hydrogen coordinates ( x 10^4) and isotropic  
         displacement parameters (A^2 x 10^3) for 12d.  
   
         ________________________________________________________________  
   
                         x             y             z           U(eq)  
         ________________________________________________________________  
   
          H(1A)        2186          2609          6022          34  
          H(3A)        2712           763          4747          36  
          H(4A)        4586          -734          3829          39  
          H(5A)        7313         -1003          4454          37  
          H(9A)        5345          3575          8270          34  
          H(10A)       4439           822          8318          36  
          H(10B)       3322          2061          8864          36  
          H(11C)       8982             9          6833          60  
          H(11A)       9674           877          5826          60  
          H(11B)       9342          -808          5737          60  
          H(12A)       9011          2338          7113          40  
          H(12B)       8151          3248          8094          40  
           ________________________________________________________________  
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Crystallography for compound 13b 
 
A colourless crystal of compound 13b was mounted on a Stoe Imaging Plate 
Diffractometer System1 equipped with a one-circle φ goniometer and a graphite-
monochromator. Data collection was performed at –100˚C using Mo-Kα radiation (λ = 
0.71073 Å). 200 exposures (3 min per exposure) were obtained at an image plate 
distance of 70 mm with 0 < φ < 200˚ and with the crystal oscillating through 1˚ in φ. 
The resolution was Dmin - Dmax 12.45 - 0.81 Å. 
This compound crystallised in a monoclinic cell (P21/n) with one molecule in the 
asymmetric unit. The molecular formula of this compound is [C19H26O2].  
The structure was solved by direct methods using the program SHELXS-972 and 
refined by full matrix least squares on F2 with SHELXL-972. The hydrogen atoms 
were included in calculated positions and treated as riding atoms using SHELXL-97 
default parameters. No absorption correction was applied. The drawing was done 
using PLATON3 and show thermal ellipsoids of 50% probability. Tables 1-9 show 
experimental and crystallographic details of compound 13b. 
 
[1] Stoe & Cie (2002). X-Area V1.17 & X-RED32 V1.04 Software. Stoe & Cie 
GmbH, Darmstadt, Germany. 
[2]  Sheldrick, G.M. (2008). Acta Cryst. A64, 112–122. 
[3]  Spek, A. L. (2003). J. Appl. Cryst. 36, 7-13. 
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      Table 1.  Crystal data table for 13b.  
      
______________________________________________________________________  
   
      Identification code               13b  
   
      Crystal shape                     block  
   
      Crystal colour                    colourless  
   
      Crystal size                      0.45 x 0.40 x 0.35 mm  
   
      Empirical formula                 C19 H26 O2  
   
      Formula weight                    286.40  
   
      Crystal system                    Monoclinic  
   
      Space group                       P21/n  
   
      Unit cell dimensions              a = 14.004(3)A alpha= 90 deg.  
                                        b = 6.9416(8)A beta= 110.82(2) deg.  
                                        c = 18.083(4)A gamma= 90 deg.  
   
      Volume                            1643.1(5) A^3  
   
      Cell refinement parameters  
      Reflections                       6240  
      Angle range                       2.15 < theta < 25.75  
   
      Z                                 4  
   
      Density (calculated)              1.158 g/cm^3  
   
   
      Radiation used                    MoK\a  
   
      Wavelength                        0.71073  A  
   
      Linear absorption coefficient     0.073 mm^-1  
   
      Temperature                       173(2) K  
      
______________________________________________________________________  
  
      Table 2. Data Collection Details for 13b.  
      
______________________________________________________________________  
   
      Diffractometer                    STOE IPDS  
   
      Scan method                       phi oscillation  
   
      Number of Reflections measured    12006  
   
      Number of Independent reflections 3198  
   
      Number of observed reflections    2195  
   
      Criterion for recognizing         >2sigma(I)  
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      R(int) =                          0.0562  
   
      Theta range for data collection   2.28 to 25.97 deg.  
   
      Index ranges                      -17<=h<=17, -8<=k<=8, -22<=l<=21  
   
      Number of standards               0  
   
      Intensity variation               0  %  
   
      F(000)                            624  
      
______________________________________________________________________  
   
      Table 3. Refinement Details for 13b.  
      
______________________________________________________________________  
   
      Refinement method                 Full-matrix least-squares on F^2  
   
      Final R indices [I>2sigma(I)]     R1 = 0.0382, wR2 = 0.0919  
   
      R indices (all data)              R1 = 0.0615, wR2 = 0.0981  
   
      R1 [=SUM(||Fo|-|Fc||)/SUM|Fo|]  
   
      wR^2 {=[SUM(w(Fo^2-Fc^2)^2)/SUM(wFo^4)]^1/2}  
   
      H-locating and refining Method    constr  
   
      Number of reflections used        3198  
   
      Number of L.S. restraints         0  
   
      Number of refined Parameters      196  
   
      Goodness-of-fit on F^2            0.985  
      S {=[SUM w(Fo^2-Fc^2)^2]/(n-p)^1/2}, n= number of reflections,  
                                           p= Parameters used.  
                                        calc 
w=1/[\s^2^(Fo^2^)+(0.0565P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3  
   
      Maximum delta/sigma             0.000  
   
      Maximum e-density               0.275 e.A^-3  
   
      Minimun e-density              -0.174 e.A^-3  
      
______________________________________________________________________  
  
      Table 4. Computer Programs used for 13b.  
      
______________________________________________________________________  
   
      Data collection program         EXPOSE (Stoe IPDS Software, 2000)  
   
      Cell refinement program         CELL (Stoe IPDS Software, 2000)  
   
      Data reduction program          INTEGRATE (Stoe IPDS Software, 2000)  
   
      Structure Solving Program       SHELXS-97 (Sheldrick, 1990)  
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      Structure Refinement Program      SHELXL-97 (Sheldrick, 1997)  
   
      Pictures drawn with               PLATON99 (Spek, 1990)  
   
      Tables made with                  SHELXL-97 (Sheldrick, 1997)  
   
      
______________________________________________________________________  
  
         Table 5.  Atomic coordinates ( x 10^4) and equivalent isotropic  
   displacement parameters (A^2 x 10^3) for 13b. U(eq) is    
   defined as one third of the trace of the orthogonalized Uij   
   tensor.  
         ____________________________________________________________  
   
                         x             y             z           U(eq)  
         ________________________________________________________________  
   
          C(1)         2048(1)       4396(2)       -445(1)       23(1)  
          C(2)         2273(1)       3522(2)      -1147(1)       21(1)  
          C(3)         1405(1)       3099(2)      -1735(1)       22(1)  
          C(4)          398(1)       3533(2)      -1615(1)       23(1)  
          C(5)          442(1)       5774(2)      -1452(1)       28(1)  
          C(6)         1396(1)       6169(2)       -763(1)       28(1)  
          C(7)         1825(1)       7656(2)       -314(1)       39(1)  
          C(8)         2783(1)       7074(2)        334(1)       40(1)  
          C(9)         1345(1)       3027(2)       -221(1)       23(1)  
          C(10)         491(1)       2611(2)       -829(1)       24(1)  
          C(11)        1570(1)       2425(2)        604(1)       32(1)  
          C(12)        3354(1)       3227(2)      -1142(1)       25(1)  
          C(13)        3923(1)       5155(2)      -1031(1)       33(1)  
          C(14)        3925(1)       1841(2)       -465(1)       36(1)  
          C(15)        3338(1)       2339(2)      -1920(1)       34(1)  
          C(16)        -569(1)       2901(2)      -2319(1)       28(1)  
          C(17)       -1547(1)       3390(3)      -2153(1)       41(1)  
          C(18)        -620(1)       3915(2)      -3091(1)       38(1)  
          C(19)        -542(1)        717(2)      -2438(1)       34(1)  
          O(1)         2898(1)       5044(1)        216(1)       30(1)  
          O(2)         1160(1)       1110(2)        809(1)       45(1)  
         ________________________________________________________________  
 
           Table 6.   Bond lengths [A] and angles [deg] for 13b.  
           _____________________________________________________________  
   
            C(1)-O(1)                     1.4278(16)  
            C(1)-C(6)                     1.5183(18)  
            C(1)-C(9)                     1.5223(18)  
            C(1)-C(2)                     1.5373(19)  
            C(2)-C(3)                     1.3326(18)  
            C(2)-C(12)                    1.5242(18)  
            C(3)-C(4)                     1.5309(18)  
            C(3)-H(3A)                    0.9500  
            C(4)-C(10)                    1.5207(19)  
            C(4)-C(16)                    1.5571(19)  
            C(4)-C(5)                     1.5806(18)  
            C(5)-C(6)                     1.492(2)  
            C(5)-H(5A)                    0.9900  
            C(5)-H(5B)                    0.9900  
            C(6)-C(7)                     1.319(2)  
            C(7)-C(8)                     1.489(2)  
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            C(7)-H(7A)                    0.9500  
            C(8)-O(1)                     1.4432(17)  
            C(8)-H(8A)                    0.9900  
            C(8)-H(8B)                    0.9900  
            C(9)-C(10)                    1.3369(19)  
            C(9)-C(11)                    1.4714(19)  
            C(10)-H(10A)                  0.9500  
            C(11)-O(2)                    1.2052(17)  
            C(11)-H(11A)                  0.9500  
            C(12)-C(15)                   1.530(2)  
            C(12)-C(13)                   1.5339(19)  
            C(12)-C(14)                   1.5384(19)  
            C(13)-H(13A)                  0.9800  
            C(13)-H(13B)                  0.9800  
            C(13)-H(13C)                  0.9800  
            C(14)-H(14A)                  0.9800  
            C(14)-H(14B)                  0.9800  
            C(14)-H(14C)                  0.9800  
            C(15)-H(15C)                  0.9800  
            C(15)-H(15B)                  0.9800  
            C(15)-H(15A)                  0.9800  
            C(16)-C(19)                   1.534(2)  
            C(16)-C(17)                   1.541(2)  
            C(16)-C(18)                   1.541(2)  
            C(17)-H(17A)                  0.9800  
            C(17)-H(17B)                  0.9800  
            C(17)-H(17C)                  0.9800  
            C(18)-H(18A)                  0.9800  
            C(18)-H(18B)                  0.9800  
            C(18)-H(18C)                  0.9800  
            C(19)-H(19A)                  0.9800  
            C(19)-H(19B)                  0.9800  
            C(19)-H(19C)                  0.9800  
   
            O(1)-C(1)-C(6)              105.74(10)  
            O(1)-C(1)-C(9)              113.50(11)  
            C(6)-C(1)-C(9)              104.37(11)  
            O(1)-C(1)-C(2)              117.46(11)  
            C(6)-C(1)-C(2)              106.27(11)  
            C(9)-C(1)-C(2)              108.39(10)  
            C(3)-C(2)-C(12)             126.76(12)  
            C(3)-C(2)-C(1)              110.38(12)  
            C(12)-C(2)-C(1)             122.86(11)  
            C(2)-C(3)-C(4)              117.94(12)  
            C(2)-C(3)-H(3A)             121.0  
            C(4)-C(3)-H(3A)             121.0  
            C(10)-C(4)-C(3)             105.83(10)  
            C(10)-C(4)-C(16)            114.00(11)  
            C(3)-C(4)-C(16)             113.90(11)  
            C(10)-C(4)-C(5)             104.81(10)  
            C(3)-C(4)-C(5)              104.07(11)  
            C(16)-C(4)-C(5)             113.26(10)  
            C(6)-C(5)-C(4)              107.49(11)  
            C(6)-C(5)-H(5A)             110.2  
            C(4)-C(5)-H(5A)             110.2  
            C(6)-C(5)-H(5B)             110.2  
            C(4)-C(5)-H(5B)             110.2  
            H(5A)-C(5)-H(5B)            108.5  
            C(7)-C(6)-C(5)              137.26(13)  
            C(7)-C(6)-C(1)              108.72(13)  
            C(5)-C(6)-C(1)              113.93(11)  
S129
            C(6)-C(7)-C(8)              110.98(13)  
            C(6)-C(7)-H(7A)             124.5  
            C(8)-C(7)-H(7A)             124.5  
            O(1)-C(8)-C(7)              105.37(11)  
            O(1)-C(8)-H(8A)             110.7  
            C(7)-C(8)-H(8A)             110.7  
            O(1)-C(8)-H(8B)             110.7  
            C(7)-C(8)-H(8B)             110.7  
            H(8A)-C(8)-H(8B)            108.8  
            C(10)-C(9)-C(11)            125.34(13)  
            C(10)-C(9)-C(1)             112.95(12)  
            C(11)-C(9)-C(1)             121.43(12)  
            C(9)-C(10)-C(4)             115.55(12)  
            C(9)-C(10)-H(10A)           122.2  
            C(4)-C(10)-H(10A)           122.2  
            O(2)-C(11)-C(9)             125.05(14)  
            O(2)-C(11)-H(11A)           117.5  
            C(9)-C(11)-H(11A)           117.5  
            C(2)-C(12)-C(15)            111.00(11)  
            C(2)-C(12)-C(13)            110.66(11)  
            C(15)-C(12)-C(13)           107.93(12)  
            C(2)-C(12)-C(14)            108.86(11)  
            C(15)-C(12)-C(14)           108.29(12)  
            C(13)-C(12)-C(14)           110.07(11)  
            C(12)-C(13)-H(13A)          109.5  
            C(12)-C(13)-H(13B)          109.5  
            H(13A)-C(13)-H(13B)         109.5  
            C(12)-C(13)-H(13C)          109.5  
            H(13A)-C(13)-H(13C)         109.5  
            H(13B)-C(13)-H(13C)         109.5  
            C(12)-C(14)-H(14A)          109.5  
            C(12)-C(14)-H(14B)          109.5  
            H(14A)-C(14)-H(14B)         109.5  
            C(12)-C(14)-H(14C)          109.5  
            H(14A)-C(14)-H(14C)         109.5  
            H(14B)-C(14)-H(14C)         109.5  
            C(12)-C(15)-H(15C)          109.5  
            C(12)-C(15)-H(15B)          109.5  
            H(15C)-C(15)-H(15B)         109.5  
            C(12)-C(15)-H(15A)          109.5  
            H(15C)-C(15)-H(15A)         109.5  
            H(15B)-C(15)-H(15A)         109.5  
            C(19)-C(16)-C(17)           108.22(13)  
            C(19)-C(16)-C(18)           108.70(12)  
            C(17)-C(16)-C(18)           108.53(12)  
            C(19)-C(16)-C(4)            109.59(11)  
            C(17)-C(16)-C(4)            110.69(11)  
            C(18)-C(16)-C(4)            111.04(11)  
            C(16)-C(17)-H(17A)          109.5  
            C(16)-C(17)-H(17B)          109.5  
            H(17A)-C(17)-H(17B)         109.5  
            C(16)-C(17)-H(17C)          109.5  
            H(17A)-C(17)-H(17C)         109.5  
            H(17B)-C(17)-H(17C)         109.5  
            C(16)-C(18)-H(18A)          109.5  
            C(16)-C(18)-H(18B)          109.5  
            H(18A)-C(18)-H(18B)         109.5  
            C(16)-C(18)-H(18C)          109.5  
            H(18A)-C(18)-H(18C)         109.5  
            H(18B)-C(18)-H(18C)         109.5  
            C(16)-C(19)-H(19A)          109.5  
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            C(16)-C(19)-H(19B)          109.5  
            H(19A)-C(19)-H(19B)         109.5  
            C(16)-C(19)-H(19C)          109.5  
            H(19A)-C(19)-H(19C)         109.5  
            H(19B)-C(19)-H(19C)         109.5  
            C(1)-O(1)-C(8)              109.15(11)  
           _____________________________________________________________  
   
           Symmetry transformations used to generate equivalent atoms:  
             
  
           Table 7.  Torsion-angles for 13b.  
           _____________________________________________________________  
   
            O(1)-C(1)-C(2)-C(3)             -176.11(10)  
            C(6)-C(1)-C(2)-C(3)              -58.06(13)  
            C(9)-C(1)-C(2)-C(3)               53.62(14)  
            O(1)-C(1)-C(2)-C(12)               3.45(18)  
            C(6)-C(1)-C(2)-C(12)             121.50(13)  
            C(9)-C(1)-C(2)-C(12)            -126.81(12)  
            C(12)-C(2)-C(3)-C(4)            -179.53(12)  
            C(1)-C(2)-C(3)-C(4)                0.01(16)  
            C(2)-C(3)-C(4)-C(10)             -51.33(15)  
            C(2)-C(3)-C(4)-C(16)            -177.36(11)  
            C(2)-C(3)-C(4)-C(5)               58.84(14)  
            C(10)-C(4)-C(5)-C(6)              54.68(14)  
            C(3)-C(4)-C(5)-C(6)              -56.24(13)  
            C(16)-C(4)-C(5)-C(6)             179.54(11)  
            C(4)-C(5)-C(6)-C(7)             -173.86(17)  
            C(4)-C(5)-C(6)-C(1)                2.11(16)  
            O(1)-C(1)-C(6)-C(7)               -1.26(16)  
            C(9)-C(1)-C(6)-C(7)              118.73(13)  
            C(2)-C(1)-C(6)-C(7)             -126.81(13)  
            O(1)-C(1)-C(6)-C(5)             -178.37(11)  
            C(9)-C(1)-C(6)-C(5)              -58.38(14)  
            C(2)-C(1)-C(6)-C(5)               56.08(14)  
            C(5)-C(6)-C(7)-C(8)              176.23(16)  
            C(1)-C(6)-C(7)-C(8)                0.12(18)  
            C(6)-C(7)-C(8)-O(1)                1.05(18)  
            O(1)-C(1)-C(9)-C(10)             172.53(11)  
            C(6)-C(1)-C(9)-C(10)              57.90(14)  
            C(2)-C(1)-C(9)-C(10)             -55.06(15)  
            O(1)-C(1)-C(9)-C(11)              -1.75(17)  
            C(6)-C(1)-C(9)-C(11)            -116.38(13)  
            C(2)-C(1)-C(9)-C(11)             130.67(12)  
            C(11)-C(9)-C(10)-C(4)            175.20(12)  
            C(1)-C(9)-C(10)-C(4)               1.18(16)  
            C(3)-C(4)-C(10)-C(9)              49.99(15)  
            C(16)-C(4)-C(10)-C(9)            175.95(11)  
            C(5)-C(4)-C(10)-C(9)             -59.67(14)  
            C(10)-C(9)-C(11)-O(2)             20.1(2)  
            C(1)-C(9)-C(11)-O(2)            -166.33(14)  
            C(3)-C(2)-C(12)-C(15)             -0.32(19)  
            C(1)-C(2)-C(12)-C(15)           -179.81(11)  
            C(3)-C(2)-C(12)-C(13)            119.49(14)  
            C(1)-C(2)-C(12)-C(13)            -60.00(16)  
            C(3)-C(2)-C(12)-C(14)           -119.42(14)  
            C(1)-C(2)-C(12)-C(14)             61.09(16)  
            C(10)-C(4)-C(16)-C(19)           -60.77(15)  
            C(3)-C(4)-C(16)-C(19)             60.83(14)  
            C(5)-C(4)-C(16)-C(19)            179.50(12)  
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            C(10)-C(4)-C(16)-C(17)            58.52(15)  
            C(3)-C(4)-C(16)-C(17)           -179.88(12)  
            C(5)-C(4)-C(16)-C(17)            -61.21(15)  
            C(10)-C(4)-C(16)-C(18)           179.13(11)  
            C(3)-C(4)-C(16)-C(18)            -59.27(15)  
            C(5)-C(4)-C(16)-C(18)             59.41(15)  
            C(6)-C(1)-O(1)-C(8)                1.91(14)  
            C(9)-C(1)-O(1)-C(8)             -111.90(12)  
            C(2)-C(1)-O(1)-C(8)              120.25(13)  
            C(7)-C(8)-O(1)-C(1)               -1.85(15)  
           _____________________________________________________________  
             
    Table 8.   Anisotropic displacement parameters (A^2 x 10^3) for  
    13b.  
         The anisotropic displacement factor exponent takes the form:  
         -2 pi^2 [ h^2 a*^2 U11 + ... + 2 h k a* b* U12 ]  
   
    _______________________________________________________________________  
   
              U11        U22        U33        U23        U13        U12  
    _______________________________________________________________________  
   
    C(1)     24(1)      22(1)      23(1)      -2(1)       9(1)      -1(1)  
    C(2)     25(1)      17(1)      24(1)       2(1)      12(1)       1(1)  
    C(3)     26(1)      20(1)      22(1)       1(1)      12(1)       2(1)  
    C(4)     23(1)      22(1)      26(1)       2(1)      11(1)       2(1)  
    C(5)     31(1)      22(1)      36(1)       3(1)      16(1)       7(1)  
    C(6)     36(1)      19(1)      34(1)       1(1)      20(1)       3(1)  
    C(7)     52(1)      21(1)      47(1)      -6(1)      21(1)      -1(1)  
    C(8)     51(1)      29(1)      41(1)     -13(1)      20(1)     -10(1)  
    C(9)     29(1)      18(1)      27(1)      -1(1)      15(1)       2(1)  
    C(10)    26(1)      20(1)      31(1)       0(1)      17(1)       2(1)  
    C(11)    36(1)      31(1)      33(1)       0(1)      19(1)       1(1)  
    C(12)    22(1)      26(1)      27(1)       1(1)      11(1)       1(1)  
    C(13)    30(1)      36(1)      36(1)       1(1)      15(1)      -6(1)  
    C(14)    30(1)      37(1)      41(1)       9(1)      12(1)       7(1)  
    C(15)    27(1)      42(1)      37(1)      -4(1)      16(1)       4(1)  
    C(16)    22(1)      33(1)      28(1)       2(1)       9(1)      -1(1)  
    C(17)    24(1)      55(1)      42(1)      -2(1)      12(1)       2(1)  
    C(18)    29(1)      49(1)      31(1)       7(1)       6(1)      -3(1)  
    C(19)    32(1)      37(1)      33(1)      -6(1)      11(1)      -8(1)  
    O(1)     33(1)      28(1)      27(1)      -7(1)       9(1)      -6(1)  
    O(2)     55(1)      47(1)      38(1)       6(1)      23(1)      -7(1)  
    _______________________________________________________________________  
 
         Table 9.   Hydrogen coordinates ( x 10^4) and isotropic  
         displacement parameters (A^2 x 10^3) for 13b.  
   
         ________________________________________________________________  
   
                         x             y             z           U(eq)  
         ________________________________________________________________  
   
          H(3A)        1410          2546         -2214          26  
          H(5A)         451          6491         -1923          34  
          H(5B)        -163          6186         -1331          34  
          H(7A)        1559          8929          -393          47  
          H(8A)        3374          7805           302          48  
          H(8B)        2728          7310           857          48  
          H(10A)        -24          1794          -774          28  
          H(11A)       2077          3127          1005          38  
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          H(13A)       3994          5701          -515          50  
          H(13B)       3537          6048         -1450          50  
          H(13C)       4602          4946         -1058          50  
          H(14A)       3570           599          -551          54  
          H(14B)       3945          2388            40          54  
          H(14C)       4624          1654          -452          54  
          H(15C)       4041          2162         -1902          51  
          H(15B)       2972          3199         -2360          51  
          H(15A)       2992          1088         -1998          51  
          H(17A)      -1586          4786         -2087          61  
          H(17B)      -1532          2736         -1669          61  
          H(17C)      -2146          2961         -2599          61  
          H(18A)         16          3682         -3187          56  
          H(18B)       -710          5304         -3042          56  
          H(18C)      -1197          3405         -3533          56  
          H(19A)       -539            54         -1959          51  
          H(19B)         76           376         -2544          51  
          H(19C)      -1146           325         -2887          51  
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